Rod-shaped structures have been observed in cells of Pseudomonas, Photobacterium, Proteus, and Saprospira by use of the negative-contrast stain. These structures, referred to as rhapidosomes, appear to be normal components of these cells. Other bacteria including Escherichia, Salmonella, Shigella, Klebsiella, Micrococcus, Bacillus, Mycobacterium, Rhodospirillum, and Hydrogenomonas genera failed to reveal these structures. The rhapidosomes of Saprospira were found to consist of two rods, one encasing a narrower, longer structure. In contrast, the rhapidosomes of Pseudomonas, Proteus, and Photobacterium were without the rigid inner structure, but were occasionally seen filled with a homogeneous material as observed by the negative stain. Ultrathin sections of Pseudomonas cells indicate that these rhapidosomes are embedded within or are in close association with the nucleoplasm. 
The observation of rod-shaped structures has been reported previously in widely separated genera of Schizomycetes. Lewin (6) first reported the structures in a species of Saprospira, and called them rhapidosomes. Further investigation on the nature of these purified rod-shaped structures by Correll and Lewin (3) showed them to be ribonucleoprotein in nature. Their electron micrographs showed two types of particles-one a hollow cylinder with a diameter of 33 mm and a length of 225 mt,t the other a solid cylinder of similar dimensions to which was attached a "wick-like" appendage.
More recently, van Iterson et al. (13) reported the presence of microtubules in a strain of Proteus mirabilis.
This paper presents further evidence of the presence of rhapidosomes (or microtubules) in a strain of S. grandis, in several genera within the family Pseudomonadaceae, and in P. vulgaris.
strains PL-3693, PL-1, and PL-2 and P. vulgaris strains PL-1 and PL-2 were recent diagnostic isolates obtained from Sheila Toshach, Public Health Laboratory, Edmonton. Cultures of Escherichia coli, Salmonella schottmuelleri, Shigella paradysenteriae, Aerobacter aerogenes, Serratia marcescens, P. vulgaris, Klebsiella pnieumoniae, Bacillus cereus, B. subtilis, Achromobacter, Arthrobacter, Corynebacterium, Lactobacillus, Micrococcus, and Saccharomyces were maintained in this laboratory for many years and their origin is unknown. A culture of S. grandis strain DAW-2 was obtained from R. A. Lewin 
RESULTS
Negatively stained cells and rhapidosomes. All species of Pseudomonas examined by negativecontrast staining with PTA were found to contain varying numbers of rod-like structures or microtubules. Subsequently, these structures will be referred to as rhapidosomes. These rhapidosomes were most readily observed in older cultures in which many of the cells were partially lysed. The number of these structures varied from 1 to as many as 12 in each cell. Certain strains of Pseudomonas consistently showed six or more rods, whereas others tended to show only one or two as shown in Fig. 1 and 2 .
To determine whether these rods were also present in comparatively young cells, 6-to 18-hr cultures were examined after breakage by sonic treatment and treatment with the Nossal disintegrator. Several strains of P. aeruginosa and P. fluorescens examined in this manner contained rods. P. fluorescens strain OAC-99 also contained six or more of these rods when infected in the logarithmic growth phase with phage. The lysates from these infected cells (Fig. 3) showed many rods as well as the virus, indicating that these rods were not destroyed during phage replication. In this instance, the virus is a small ribonucleic acid-type phage measuring 25 mp, in diameter. A higher magnification of rhapidosomes found in Pseudomonas is shown in Fig. 4 .
Other bacterial species examined by the negative-contrast stain include those listed in Table 1 rubrum, H. facilis, and two strains of Mycobacterium tuberculosis. In contrast, S. grandis strain DAW-2 contained large numbers of these rods. Because Saprospira cells lysed readily when placed in distilled water, the rhapidosomes could be observed in this species without difficulty ( Fig. 9 ). Occasionally, long wavy filaments of cells could be observed to be filled with numerous rhapidosomes (Fig. 10) .
Rhapidosomes observed by shadow-casting. Lysates of bacteria were examined for the presence of rhapidosomes by examining Pd-shadowed lysates.
Whenever these rods were present, they were observed as rods distinct from flagella and fimbriae. Figure 11 shows a shadowed preparation of P. fluorescens strain OAC-99 lysate and reveals Comparison of rhapidosomes of Saprospira species, P. fluorescens OAC-99, P. harveyi, and P. vulgaris. Comparison of the rhapidosomes found in $aprospira and the other species indicates that there are certain similarities and differences in their morphological appearance when observed with the electron microscope in negatively stained preparations.
A summary of a comparison of rhapidosomes is shown in Table 2 . The rods from these organisms were partially purified either according to the method of Correll and Lewin (3) or by the use of magnesium pyrophosphate precipitation described by Schito (11) . Figure 12 illustrates a purified preparation of rhapidosomes obtained from P. fluorescens. High magnifications of these hollow cylinders indicate that they have some form of regularity in structure, perhaps of a helical nature. The internal core of the cylinder of the Pseudomonoas appears less complex than that of the Saprospira; it merely appears as a filling within the cylinder and is usually shorter than the length of the cylinder (Fig. 13) cases, however, under the conditions in which these rods were observed, the central core was not present (Fig. 1-3 and 12) . The rods found in P. vulgaris and in P. harveyi were similar to those found in Pseudomonas (Fig. 14) .
In contrast, the Saprospira rhapidosomes have a certain proportion of cylinders filled with a structure running throughout the cylinder and continuing out of one end for approximately the same distance. This fine structure also appears more or less rigid; in negative contrast, the rhapidosomes also appear hollow (Fig. 15 and  16 ). Prolonged treatment with acetone tends to release the inner structure from the larger, shorter rod. These separated parts are shown in Fig. 17 to  19 . Figure 19 also shows a part of an outer rod from an end view, indicating that the structure may be composed of helically arranged molecules. The helical arrangement is also visible when viewed from the side (Fig. 20) . Also noticeable is the serrated "brush-like" structure at one end of the outer structure (Fig. 16 and 20) (13) reported a strain of P. mirabilis with these rods. The examination of three strains of P. vulgaris confirms their study that this species does contain rhapidosomes.
Much concern has been raised in the papers of Lewin (6) The study of Lewin and Kiethe (8) and the study presented here support the observation that these rhapidosomes are embedded in the nucleoplasm of the cell. If these structures are part of a normal cell, it is possible that they maintain a role in the function of the bacterial cell analogous to that of microtubules found in cells of higher plants and animals undergoing mitosis.
In a comparison of the rhapidosomes of Pseudomonas and Saprospira species, certain differences exist. Not only is there a characteristic size of rods in the various species, but there is an essential difference in the structure of the internal core. The Saprospira rhapidosome, being more complex, has a core which extends as an appendage at one end. This central core in strain DAW-2 is rigid and appears as a long, hollow tubule rather than as a "wick-like" structure described by Correll and Lewin (3) . The exact composition of the material in this narrow cylinder is unknown and is currently under investigation. The Pseudomonas rhapidosome does not have this rigid internal cylinder. However, because of the similarity in structure to the empty cylinder of the Saprospira, it seems justifiable to apply the terminology "rhapidosome" to all of these tubular structures in bacteria. The use of the term microtubule is not desirable, since it has been used to describe a number of different structures which often form parts of more complex structures in animal cells and also since a microtubule appears to consist of protein (2). In contrast, preliminary studies reveal that purified Pseudomonas rhapidosomes, like thoke of Saprospira (3), appear to contain large quantities of ribonucleic acid but not deoxyribonucleic acid.
Examination of the dimensions of the rhapidosomes in the various bacteria indicate that they may vary considerably from one species to another. In fact, the difference in size of these rhapidosomes may vary slightly from one strain to another as evidenced in the comparison of S. grandis strain DAW-2 and S. grandis strain WH described by Correll and Lewin (3) and shown in Table 2 .
Reichenbach (9) had described what he considered to be rhapidosomes in a strain of Myxobacter A. violaceum. More recently he has shown that these rod-like structures are defective phage tails (10) . A closer examination of his two papers does, in fact, indicate that what he had been examining were phage tail sheaths and internal cores.
The rhapidosomes in Saprospira, however, were quite distinct from the contractile phage tail forms. This difference becomes obvious in view of the fact that Lewin et al. (7) were able to study a specific phage which propagated on Saprospira and were able to show distinct differences between the rhapidosomes and phage particles. (13) were also able to distinguish the difference between phage tails which were induced in Proteus by mitomycin C and the structures which they refer to as microtubules.
The function of these rhapidosomes is unknown, but, because of their location in the cell
